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the Freshwater Pearl Mussel, Margaritifera mar-
garitifera (also known as the Eastern Pearlshell), is one
of 10 extant species of freshwater mussels that occur
in New Brunswick (Martel et al. 2010). the species is
holarctic in distribution (Bauer 1997) but has been extir-
pated from much of Europe, where it was previously
abundant (Young and williams 1983). Elsewhere, al -
though adults remain plentiful in some regions, popu-
lations are declining. the Freshwater Pearl Mussel is
now considered among the most endangered of aquatic
organisms worldwide (Beasley et al. 1998; Strayer et
al. 2004; Araujo et al. 2009; thomas et al. 2010). Mar-
garitifera margaritifera populations in the united States
are vulnerable, imperiled, critically imperiled, or in need
of assessment (Strayer and Jirka 1997; Young et al.
2001). while Canadian M. margaritifera populations
appear to be secure, the species is in need of conser-
vation assessment in Canada. Although juvenile M.
margaritifera (<50 mm) have been reported in the
Petitcodiac River, New Brunswick (Hanson and locke
(2001) and in the Rivière du Gouffre, Quebec (Martel
and McAlpine 2007), demonstration of recent recruit-
ment into Canadian populations of this exceedingly
long-lived, salmonid-dependant, species are generally
lacking (Martel et al. 2010).
Explanations offered for the decline of M. margari-
tifera, and unionacea more broadly, include past com-
mercial and current illegal harvest for pearls, loss of host
fish species, habitat alteration, and pollution (Young
et al. 2001; Strayer et al. 2004; Geist 2010; Hastie et
al. 2010). Climate change may prove to be a serious
threat to the Freshwater Pearl Mussel in the near future,
dependant as it is on coldwater fish hosts (Hastie et
al. 2003). in North America, Atlantic Salmon (Salmo
salar) is believed to be the main host species. However,
other salmonids, including Brook trout (Salvelinus
fontinalis), Brown trout (Salmo trutta) and Arctic Charr
(Salvelinus alpinus) are also reported to serve as hosts
(Smith 1976; thomas et al. 2010; thomas 2011), al -
though North American evidence for such is limited
(Smith 1976; Martel et al. 2010). 
Accounts from the late 19th C of freshwater pearls
collected from the Saint John River basin (Ganong
1889) indicate M. margaritifera populations in the
region are long standing, and eastern Canadian popu-
lations of the species may represent some of the largest
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Freshwater Pearl Mussel, Margaritifera margaritifera (l., 1758) populations are endangered or threatened throughout Europe,
and those in eastern Canada are believed to be some of the most abundant populations remaining worldwide. Although M.
margaritifera occurs widely in Atlantic Canada, there is little information to allow its conservation status in the region to be
assessed or to place these populations in a global context. using 0.25 m2 survey quadrats, maximum densities of M. margar-
itifera in six mussel beds on the Kennebecasis River and a tributary in southeastern New Brunswick were found to range
from 12 to 200 m-2. Mean densities at the five mainstem sites ranged from to 1.9 m-2 (SE±0.4) to16.0 m-2 (±4.3). Mean densi-
ty on the tributary stream was 1.2 m-2 (SE±0.7). Abundance of M. margaritifera at the six sites ranged from 4,536 (SE±2,600)
to 55,520 (SE±14,768) and together the six mussel beds supported an estimated 161,315 Freshwater Pearl Mussels. the
presence of juvenile M. margaritifera as small as 11.5 mm at the most upstream site, and Freshwater Pearl Mussels <30 mm
at all sites, indicates that there had been recruitment of M. margaritifera juveniles in the Kennebecasis River in the 4–6 years
prior to the 2007–2008 study. 
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remaining stocks (Martel and McAlpine 2007). None -
theless, the study reported here appears to be the first to
estimate density in a Canadian M. margaritifera pop-
ulation using standardized survey methods for fresh-
water mussels (Strayer and Smith 2003). 
our objectives were to characterize a sample of
mussel beds (area, water depth, flow, substrate, asso-
ciated species) supporting M. margaritifera within
the Kennebecasis River system; to determine the
density and abundance of M. margaritifera in these
beds; to determine whether density varied among sites;
and to assess whether recent recruitment of M. mar-
garitifera has taken place in this population. this
information will provide the basis for any future con-
servation monitoring of M. margaritifera in the Ken-
nebecasis River.
Methods
Selection of study sites 
the Kennebecasis River is located within the Saint
John River basin in southeastern New Brunswick. it is
a 5th order river that includes nine 4th order tributaries.
the river drains a basin of 1,110 km2 (Hansen and Bray
1993) and flows approximately 103 km from Hamilton
lake to where it enters the Saint John River at Boars
Head, west of Saint John (Figure 1). the head of fresh-
water tidal influence is at Bloomfield, Kings County.
the Kennebecasis is not impounded, with most of the
river flowing over a late Devonianearly Carboniferous
sedimentary basin (Miller and Brazeau 2007; St. Peter
and Johnson 2009). 
Six study sites occupying the mid-reaches of the riv-
er from Penobsquis (most upstream) to above Bloom-
field (most downstream) were selected based on a
search of New Brunswick Museum specimen records
and site visits to assess the presence of M. margaritifera
(Figure 1, table 1). with the exception of a few small
beds of M. margaritifera 1–2 km upstream of Penob-
squis, searches of >20 km of river channel upstream of
Penobsquis to above Portage Vale revealed no addition-
al mussel beds. However, we observed numerous mus-
sel beds between Penobsquis and Sussex that we did
not survey. 
the river course spanning our study sites passes
through agricultural lands (primarily pasture), although
a narrow wooded riparian zone borders much of the
river, particularly in its upper mid-reaches (Figure 2).
Mussel beds were delineated by three people snorkel-
ing the width of the stream in a diagonal, criss-cross
pattern, working downstream. the boundaries of any
FiGuRE 1. Map of the Kennebecasis River within the Saint John River basin (latter outlined in the inset map), New Brunswick,
showing sites of Margaritifera margaritifera (Freshwater Pearl Mussel) sampling in 2007 and 2008. the Kennebeca-
sis River drainage is outlined.  
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mussel bed located were considered to be 10 m beyond
the first upstream and last downstream M. margaritifera
sighted. ten metres was chosen as a cut-off to allow for
small gaps containing no mussels within a bed and fol-
lows the protocol used by Baird (2000) during study of
the margaritiferid Cumberlandia monodonta (Specta-
clecase). 
three mussel beds (Penobsquis, Sussex and Norton)
were sampled from May to September 2007 and three
beds (Plumweseep, Apohaqui and Above Bloomfield)
were sampled from June to September 2008. Five of
the sites were located on the mainstem of the Kennebe-
casis River, while the Apohaqui bed was located on the
Millstream River, a tributary of the Kennebecasis. 
Mussel bed characteristics
individual beds were characterized on the basis of
area (maximum length × width at 30 m intervals along
the bed length, minus any exposed vegetated islands
that divided the bed), mean water depth taken at the
mid-point of 60 0.25 m2 sampling quadrats (n = 60
samples for each bed), and mean water velocity taken
at three points through the water column with a digital
flow meter (Model 6597 Flowatch flow meter, JDC
Electronics SA, waadt, Switzerland) at the mid-point
of each quadrat from ~5 cm above the substrate ver-
tically to the surface (n = 180 samples for each bed).
the predominant substrate type for 105 of the 169
quadrats that contained M. margaritifera was visually
characterized as silt (<0.5 mm), sand (0.5–2 mm), grav-
el (2–4 mm), cobble (64–256 mm), or boulder (>256
mm). Substrates >4 mm and <64 mm were not present
in quadrats occupied by M. margaritifera.
Sampling for Freshwater Pearl Mussels
Mussel beds were sampled using 0.25 m2 quadrats,
the recommended standard for surveys of freshwater
mussels (Strayer and Smith 2003; Pooler and Smith
2005). Sixty randomly placed 0.25 m2 quadrats (95%
confidence interval with a desired precision of 30%)
were searched at each of six beds (N = 360) to estimate
the mean number of individuals in each mussel bed.
the 30% precision rate was chosen as an intermediate
level between the 25% precision that Dunn (2000) rec-
ommended for large rivers and the 50% precision she
recommended for small streams.
Quadrats were surveyed for mussels by snorkeling
(where water depth was <1 m) or by SCuBA (depths
>1 m). Mussels visible at the substrate surface were re -
moved from each quadrat and placed in a mesh bag.
FiGuRE 2. Most upstream (A: Penobsquis; 2007) and most downstream (B: Above Bloomfield; 2008) Margaritifera margaritifera
(Freshwater Pearl Mussel) study sites on the Kennebecasis River, New Brunswick.  Note the lack of forested riparian
cover at the Above Bloomfield site. Photos: M. Sollows/NB Museum.
tABlE 1. Margartifera margartifera (Freshwater Pearl Mussel) beds at study sites on the Kennebecasis River, New Brunswick,
in 2007 and 2008. Sites are arranged from most upstream (top) to most downstream (bottom). Site numbers are marked on
Figure 1. length of bed given is the maximum, width is the mean of four measures. Bed areas at Plumweseep and Above
Bloomfield bed have been adjusted by subtracting areas of exposed vegetated islands that divided the bed. Bed areas are
rounded to 3 significant figures.
Site latitude longitude length width Area Mean water Mean water Predominate
(m) (m) (m2) depth (m) velocity (m∙s-2) substrate
Penobsquis 45.76461 -65.42220 169 15.3 2590 0.68 ND cobble
Plumweseep 45.74147 -65.44705 200 17.8 3470 0.53 0.08 gravel
Sussex 45.72103 -65.54570 134 25.5 3420 0.50 0.28 cobble
Apohaqui* 45.70444 -65.59921 200 18.9 3780 0.28 0.10 sand/cobble
Norton 45.63615 -65.70009 150 37.9 5690 0.72 ND cobble
Above Bloomfield 45.62853 -65.71112 200 42.3 6270 0.65 0.20 cobble
*on the Millstream River, a tributary of the Kennebecasis River
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the entire quadrat was then excavated on the bottom
by hand or with a metal scoop to a depth of 15 cm, and
the substrate sorted through a quadrat-sieve fitted with
5 mm diameter screen (McAlpine and Sollows in press).
Additional hand-held sieves (screen size 5 mm diam-
eter) were also used where water velocity was low. 
we followed Hastie and Cosgrove (2002) and ac -
cepted the presence of M. margaritifera <30 mm in
length as evidence of recent juvenile recruitment and
we used the approach of Hendelberg (1961) to estimate
the age of juvenile mussels. Hendelberg (1961) reports
that external annuli on the untreated surface (i.e. perios-
tracum intact) of M. margaritifera shells can be count-
ed (one increment = 1 year) and used to age mussels up
to 15 years. 
Statistical analyses
All data were examined for normality and equality
of variance. the density of occurrence of Freshwater
Pearl Mussels among sites was tested by non-paramet-
ric Kruskal-wallis since the data were not normally dis-
tributed. Densities and abundances are reported as the
mean and standard error of the mean (SE). Analyses
were carried out using SYStAt 11.0 (Systat Software,
inc., Chicago, illinois).
Results
Mussel bed characteristics 
the six mussel beds ranged from 2590 to 6270 m2
and extended over as much as 200 m of the length of
the stream channel. Mean water depth over beds during
the sampling period ranged from 0.28 to 0.72 m and
mean water velocity from 0.08 to 0.28 m∙ s-1 (table 1).
Quadrats in which M. margaritifera were present were
dominated by cobble (Pearson χ2= 82.092, df = 25, P <
0.001), but M. margaritifera also occurred commonly
on gravel and sand substrates; M. margaritifera were
least common in quadrats dominated by silt or boulders.
At three of the study sites (Apohaqui, Norton andAbove
Bloomfield) four additional mussel species were found
in association with M. margaritifera; Alasmidonta un -
dulata, Anodonta implicata, Ellliptio complanata, and
Pyganodon cataracta. 
Density and abundance
overall, 650 M. margaritifera were found on the
Kennebecasis mainstem and Millstream River tributary,
with 46.9% (n=169) of quadrats occupied by Fresh-
water Pearl Mussels. However, the percentage of quad -
rats occupied by M. margaritifera among sites was
highly variable, ranging from 13.3% at Apohaqui to
60.0 % at Norton (table 2). As expected, M. margar-
itifera were not evenly distributed across beds but were
clumped, with maximum densities ranging from 12 to
200m-2 (table 2). Mean density of M. margaritifera was
highest at Plumweseep (16.0 m-2 (SE±4.3)) and lowest
at Apohaqui (1.2 m-2 (SE±0.7)), the tributary site. 
there was no difference in the average density of M.
margaritifera among beds at Penobsquis, Plumweseep,
Sussex and Norton (P = 0.065, Kruskal-wallis = 7.225,
df = 3), the four most upstream mainstem sites. How-
ever, there were significant differences between sites
when Above Bloomfield (P = 0.001, Kruskal-wallis =
18.749, df = 4) or Above Bloomfield and Apohaqui,
the most downstream mainstem and tributary sites
respec tively, were included (P = 0.001, Kruskal-wallis
= 20.888, df = 5). our estimates of mean density sug-
gest that the six mussel beds investigated on the Ken-
nebecasis River system supported ~161,315 M. mar-
garitifera, ranging from a low of 4,536 (SE±2,600) at
Apohaqui to a high 55,520 (SE±14,768) at Plumwe-
seep.
Recruitment
All live M. margaritifera <30 mm in length in the
Kennebecais River were found completely buried,
demonstrating the necessity of excavation to establish
recruitment. Evidence of recent recruitment of M.
margaritifera was detected at all six study sites, with
tABlE 2. Summary of Margaritifera margaritifera (Freshwater Pearl Mussel) density (number m-2), estimated abundance,
and associated data at sampling locations along the mid-reach of the Kennebecasis River, New Brunswick in 2007 and
2008. Sites are arranged from  most upstream (left)to most downstream (right).total number of M. margaritifera encoun-
tered in the 60 0.25 m2 quadrats sampled at each mussel bed is shown as n. the percentage of quadrats occupied by M. mar-
garitifera at each site is shown as Percentage of quadrats occupied.  Densities of M. margaritifera are reported as the mean
number across the 60 quadrats and standard error of the mean with the minimum, maximum, and median in parentheses.
Abundance is the estimated total/bed with standard error of the mean. See table 1 for total areas of individual mussel beds.
N = <30 mm refers to the number of individual M. margaritifera <30 mm total length in each bed and follows Hastie and
Cosgrove (2002) as evidence of recent juvenile recruitment.
Above
Penobsquis Plumweseep Sussex Apohaqui* Norton Bloomfield
(n=135) (n=240) (n=139) (n=18) (n=89) (n=29)
% occupied 53.3 55.0 51.7 13.3 60.0 48.3
Density 9.0±1.7 16.0±4.3 9.3±2.0 1.2±0.7 6.0±0.9 1.9±0.4
(0,52,4) (0,200,4) (0,68,4) (0,40,0) (0,24,4) (0,12,0)
Abundance 23,310±4,434 55,520±14,768 31,696±6,771 4,536±2,600 34,140±5,258 12,113±2,633
N < 30 mm 22 14 8 1 2 1
*on the Millstream River, a tributary of the Kennebecasis River
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the smallest M. margaritifera, collected at Penobsquis,
being 11.5 mm total length. External annuli on the shells
of Kennebecasis River M. margaritifera of <30 mm
shell length suggest these mussels are 4–6 years of age. 
However, recruitment appeared to be uneven. the
greatest number of M. margaritifera <30 mm total
length across the 60 quadrats per site sampled were
found at the most upstream study sites (Penobsquis,
Plumweseep, Sussex; n = 22, 14, 8 respectively). only
1 or 2 Freshwater Pearl Mussels <30 mm were collect-
ed at each of the other three sites downstream (table
2). 
Discussion
Study sites and mussel bed characteristics
Many North American rivers have been impounded
and this has had a deleterious effect on numerous fresh-
water mussel populations and distributions and those
of their fish hosts (Vaughn and taylor 1999). the lack
of impoundments on the Kennebecasis River has been
important in ensuring the persistence of the M. mar-
garitifera population on this river, even in the face of
serious declines in Atlantic Salmon stocks in the Saint
John River basin (Cunjack and Newbury 2005). 
Mean water velocities recorded at mussel beds on
the Kennebecasis River (0.08 to 0.28 m∙s-1) were com-
parable to optimum current velocities reported for M.
margaritifera habitat in Europe (0.25˗˗0.75 m∙s-1;
Hastie et al. 2000b and references cited therein). the
presence of M. margaritifera is often reported to be
associated with low water depth (Gittings et al. 1998;
Morales et al. 2004). However, the mean summer water
depths over mussel beds in the Kennebecasis River
(0.28–0.72 m) in 2007 and 2008 were lower than the
optimum (0.3–0.4 m) computed from habitat suitabil-
ity curves for this species (Hastie et al. 2000a), suggest-
ing that drier summers could pose a threat to at least
some of the M. margaritifera population in the Kenne -
becasis River. Hastie et al. (2003) identified changing
weather patterns leading to prolonged dry periods as a
threat to Margaritifera populations. 
Many investigators report the preference of M.
margaritifera for sandy, gravelly, or cobble bottoms
(Nedeau et al. 2000; Martel et al. 2010) and Hastie et
al. (2000a) found M. margaritifera density more close-
ly related to characteristics of the substrate than other
features. Although M. margaritifera on the Kennebe-
casis River occurred most frequently in quadrats dom-
inated, in descending order, by cobble, gravel, or sand,
and although Freshwater Pearl Mussels appeared to
avoid areas of boulder bottom, there is evidence that
mussel beds occur where sediments are relatively sta-
ble. Boulders in a watercourse may play an important
role in providing this stability (layzer and Madison
1995; Strayer 1999). 
Geist and Auerswald (2007) found that stream beds
in which the interstitial spaces of the substrate had
become clogged with mud, and subsequently compact-
ed, were unsuitable for M. margaritifera. this empha-
sizes the importance of controlling sedimentation in
the Kennebecasis River from up stream agricultural
and forestry operations and the value of maintaining
forested riparian zones.
Density
Maximum densities of M. margaritifera for each of
the six beds in this study (12 to 200 m-2) are within the
range of 10–50+ m-2, categorized as high by Martel and
McAlpine (2007), but much lower than historic densi-
ties reported by others. Densities of 400 m-2 are cited
for Scottish streams in the mid-1980s and it is speculat-
ed that historic densities exceeded 1000 m-2 (Bauer
1987). Hanson and locke (2001) surveyed freshwater
mussel species at various sites on the Petitcodiac River
(New Brunswick) and categorized M. margaritifera as
“abundant” (>1 mussel m-2) at only 13% of 52 sites
examined. 
Mean densities of M. margaritifera have been report-
ed to be highly variable among sites, even within a sin-
gle river (outeiro et al. 2008; Hastie et al. 2010). Hastie
et al. (2004) considered mussel densities >1 m-2 as
indicative of “optimal mussel habitat”. According to
Young et al. (2003), densities of Freshwater Pearl
Mussels >10 m-2 indicate conditions favorable for the
viability of M. margaritifera beds (i.e. for producing
juveniles). while this might suggest that only the Plum -
 weseep bed of the six mussel beds studied is viable,
the presence of M. margaritifera <30 mm at all sites
suggests this is not the case. Mean densities of M. mar-
garitifera in two iberian streams ranged from 0.27 to
6.55 m-2 (outeiro et al. 2008). Although these densities
are relatively low compared to densities recorded in
Scotland (1.8˗˗37.4 m-2; Hastie et al. 2010) and Sweden
(maximum ~ 24 m-2 Arvidsson et al. 2012), populations
in the Spanish streams were judged to be viable. Given
that the lowest mean density/bed recorded in the Ken-
nebecasis River system was 1.2 m-2 (Apohaqui) and the
mean density at most sites was much higher, density
alone would suggest that the M. margaritifera popula-
tion in the Kennebecasis River is viable. 
Arvidsson et al. (2012) surveyed 107 streams in
Sweden and estimated total population sizes of M. mar-
garitifera of 50-290,000 in individual streams, with a
mean abundance of 27,281/stream (SE±5,383). while
Arvidsson et al. (2012) found that mussel density was
more important to recruitment than the density of host
fish, population size in itself seems to be a poor pre-
dictor of recruitment in the Freshwater Pearl Mussel.
Recruiting populations in Swedish streams had as few
as 100 individuals and non-recruiting populations as
many as 252,000 M. margaritifera. while it is not pos-
sible to provide an estimate of the total number of M.
margaritifera in the entire Kennebecasis River, the esti-
mate of ~161,315 for the six beds surveyed (extrapolat-
ed from the 15 m2 sampled in each bed (60 × 0.25 m2)
to the entire bed) is well above the mean reported by
Arvidsson et al. (2012) for Swedish streams. 
Recruitment
Small M. margaritifera are notoriously difficult to
find in the field (Young and williams 1984; Hastie and
Cosgrove 2002; Hastie et al. 2010) and individuals
<10 mm, although present, may not be detected even
with sieving (Hastie et al., 2000a; Young et al., 2001).
Although Hastie et al. (2010) were able to detect M.
margaritifera as small as 6 mm, Hastie and Cosgrove
(2002) experimentally demonstrated a size-specific
sampling bias towards Freshwater Pearl Mussels >50
mm. Hastie et al. (2010) found considerable within-
river variation in recruitment levels among sites, find-
ings that seem to agree with ours. 
As Hanson and locke (2001) have noted, popula-
tions of non-reproducing M. margaritifera can persist
for decades in this exceedingly long-lived species. Al -
though many eastern Canadian rivers appear to host siz-
able populations of M. margaritifera, there are few data
confirming recent recruitment in these rivers. Arvidsson
et al. (2012) defined recruiting M. margaritifera pop-
ulations as those where at least one mussel <50 mm was
found, implying that recruitment had occurred in the
last 15–20 years. on this basis, our data provide ample
evidence that recent recruitment has occurred at all six
sites sampled on the Kennebecasis River. 
in conclusion, the population of M. margaritifera in
the Kennebecasis River shows evidence of recent re -
cruitment and densities of the Freshwater Pearl Mus-
sel suggest a viable population. However, ensuring the
persistence of M. margaritifera in the river in the future
will require continuing attention to streamside habit so
that host fish populations do not decline, sedimentation
does not become a problem, and summer water tem-
peratures do not increase. Considering that M. margar-
itifera is at risk globally, and the potential importance
of eastern North American populations, determining
the viability of the Freshwater Pearl Mussel in other
sal monid river systems in eastern Canada should be a
priority.
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